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BACKGROUND OF THE INVENTION 
[Field of the invention] 

5 The present invention relates to computerised graphic systems, and in particular discloses a aranhir* 

engine wh.ch provides for the manipulation of image data: encloses a graphics 

[Prior Art] 

10 Desktop publishing systems are known in the art which enable a user to manipulate visual imaoa riaf* 

as to create or amend a visual image in some manner. an.pu.aie visual image data so 

Known systems generally have the capability of creating black and white imaaes which Mn h„ « ♦ 
on either a monochrome display, or by use of a black and white laser prater * 

However, there exists a demand for desktop publishing systems that operate in full colour and fcr 
« performance comparable to existing monochrome systems both as regards speech I and function on tl ™ h Z 
and image quality on the other. However, for colour systems, the amount o 'data ^requlred to be l l 7 

20 SUMMARY OF THE INVENTION 

xr™rrc,rb~^ 

» «"<'™«"->-.^r.in..c^^^ 

* sa.d comb,™,, producs a colour blond valuo and an oulput malte value tor oaTSJ nl.i h . ? 

:S„2r •"""*, ""^ in aCC °' <lan '" " i,h **< P--y van^on col 0 ™s 

BRIEF DESCRIPTION OF THE DRAWINGS 

whic^ : Preferred emb0diment of the P resent inven «°" will now be described with reference to the drawings in 
g Tphicil F g ": : SChematiC b '° Ck dia9ramS ° f Pri ° r 3rt ima9e systems which incorporate a 

Ro' 3 ,? a 222° E°t dia9ram ° f the Preferred emb °d'^nt °f the graphics engine; 
Fig. 3 is a schemahc block diagram of the render processor interface of Fig 2- 
F«g. 4 is a schematic block diagram of the first-in-first-out register of Fig 3 ' 
Fig. 5 ,s a flow chart showing various states of the read address generator' of Fig 4- 
Fig. 6 is a schematic block diagram of the control unit of Fig 2 ' 
Fig. 7 is a schematic block diagram of the run controller of Fig 2- 
Fig. 8 is a schematic block diagram of the run length register of Fig T 
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Fig. 9 is a schematic block diagram of the run length counter of Fig. 

Fig. 10 is a schematic block diagram of the ramp generator of Fig. 7; Figs. 1 1 A and B illustrate the gener- 
ation of the ramp of the generator of Fig. 10; 

Fig. 12 is a schematic block diagram of one of the colour interpolators of Fig. 2; 
5 Fig. 13 is a schematic block diagram of the interpolator A of Fig. 12; 

Fig. 14 is a schematic block diagram of the interpolator B of Fig. 12; 

Fig. 15 is a schematic block diagram of one of the colour compositors of Fig. 2; 

Fig. 16 is a schematic block diagram of compositor A of Fig. 15; 

Fig. 17 is a schematic block diagram of the compositor B of Fig. 15; 
10 Fig. 18 is a schematic block diagram of the transparency interpolator of Fig. 2; 

Fig. 1 9 is a schematic block diagram of the transparency interpolator synchroniser of Fig. 18; 

Fig. 20 is a schematic block diagram of the transparency interpolator A of Fig. 18; 

Fig. 21 is a schematic block diagram of the transparency interpolator B of Fig. 18; 

Fig. 22 is a schematic block diagram of the matte combiner of Fig. 2; 
15 Fig. 23 is a schematic block diagram of the matte synchroniser of Fig. 22; 

Fig. 24 is a schematic block diagram of the matte delay of Fig. 22; and 

Fig. 25 is a schematic block diagram of the matte calculator of Fig. 22. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 

As seen in Fig. 1 A, a simple form of image manipulation system takes the form of a general purpose com- 
puter 1 , a graphics engine 1 0, a work screen memory 30 of typically 3 Mbytes maximum and a screen or monitor 
3 capable of high resolution. In this system images stored in the computer 1 are able to be displayed on th 
monitor 3 and manipulated via the graphics engine 10 and the keyboard (not illustrated) associated with the 
25 monitor 3. 

Another type of image manipulation system shown in Fig. 1B is associated with a colour laser copier 5 which 
is preferably the CANON CLC500 COLOR LASER COPIER (Registered Trade Mark). The copier 5 includes a 
scanner 6 and printer 7 which are connected to a page store or memory 4. The page memory 4 is typically 96 
Mbytes maximum for an entire A3 size 400 dots per inch (dpi) image. The data rate of this copier is 13.35 MHz 

30 which is substantially the same as a standard video broadcast data rate of 1 3.5 M pixels/second. The computer 
1 and graphics engine 10 are substantially as before. 

As indicated in Fig. 1 C, it is possible to combine both the above systems by the provision of a data bus 26 
interconnecting the graphics engine 10, the work screen memory 30 and page store 4. With this configuration, 
a image read by the scanner 6 can be manipulated whilst displayed on the monitor 3 and then printed out using 

35 the printer 7. 

Fig. 1D illustrates a similar system save that a pan/zoom engine 9 is provided between the data bus 26 
and the work screen store 30 to further increase the nature of the image data manipulations able to be perfor- 
med. 

The system of Fig. 1E is concerned essentially with video images which can be either still video or lines 
40 of a live video for broadcast or other purposes. Here the graphics engine 10 provides an output (only) to a line 

store 40 which operates on the first in first out (FIFO) principle and which in turn outputs to a triple digital to 

analogue converter (DAC) 41 to provide the necessary output video signal. 

Lastly, as seen in Fig. IF, a inter-active video image manipulation system incorporates the computer 1 and 

graphics engine 10 as before, however, the graphics engine 10 both outputs data to, and receives data from, 
45 a double bufferred frame store 42. The frame store is able to receive video data from a video source 43 and 

output video data to a video destination 44. 

With the above applications in mind, the preferred embodiment of the graphics engine 10 of the present 

invention will now be described with reference to Fig. 2 and with general reference to an image manipulation 

system of the general type depicted in Fig. 1D. 
so It will be seen in Fig. 2 that the graphics engine 10 includes an input data bus 11, which provides a video 

input, and an output video data bus 1 9. Also included within the graphics engine 1 0 is a render processor (RP) 

interface 1 00, a run length controller 200, and a control unit 300. A data path includes interpolators 400 for each 

of red, green, and blue, a transparency interpolator 600 as well as compositors 500 for each of red, green, and 

blue and a matte combiner 700. An address generator 800 and a write controller 900 are also provided. 
55 Commands enter the graphics engine 10 via the RP interface 100 and both the bus 12 which provides RP 

data and the bus 13 which provides RP control. Signal lines 14 provide for direct memory access (DMA) control. 

The control unit 300 accepts two clock signals 15 which include a pixel clock running typically at 13.35 MHz. 

The control unit 300 reads data from the RP interface 100, interprets those commands received, and passes 
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the command operands to the run controller 200, and to the data nath inni..*.™ • . 

operands are also passed to the address qenerator snn JThIh ■? 9 ,nter P° lator s400. The command 
a.so responsible fa? decoding microcode ST^S^Sl T 9 °°- The COntr °' unit 300 is 

execution devices within the engine 10 commands, wh.ch ,s subsequently used by respective 

5 unitloTndZ^^^ 

mn. This ramp is used by the Ration 

Th e9raphicsengine10isconfiguredtooperateupon re ^^^^^^ 
is an industry standard. The colour data path of red nr« n w ■ » . ( RG "M) information which 

0 a blend command, is initialised by th ^control un f^O S atTrT^T* 4 °°' h the 9eneral Case of 
path produces a blend between these So co ours and^n rT \ a " e " d CO '° Ur The colour data 
"tcofcur.inthepi^^^ 

transparency data path includes a transparency interpolator 600 and a matte combiner 700 2 " ^ 

of a transparency blend command, the transparency data oath is mZZIh k T biner70 ,°- ,n tne s,m P ,e case 

1 transparency and an end transparency. The ^nsparencvTata ! ? T^' 3 °° With a start 
values, and the result is used to control the TcoSZ ■ n^S™ • T °f 8 ° Wend betW6en these 
rency blend can also be written or con*£E3^^ ™« — 

The address generator 800 provides the read and write addresses to pixel memollTao Th* n* n » 
4 addresses are maintained independently from those of the work screen ^^1^ P 5 mem0ry 

used by other execution units. ma '"^'ns a p.peline of status s.gnals which contains the micro-cod 

greela^^ three component colours! red, 

positor 500. The interpolators 40 arc resoonsf Z ftTn t T <° mpr,sin 9 an interpolator 400 and a corn- 
are responsible for mixing the ^JZ^^S^ ^ """" ^ *° «""P"*>* "0 

to the matte p.ane, to be written* Z >rZ XetsteL " * ^ ^ ^ been Witte " 

wi„ n H o a wbe 9 j!2^,„ B SC?S. fl ' 9raPh ' CS en9ine MnW ° f the -P-nts thereof 

^S^^ 1 ^^^ J" C ~ d «■ ^e execution units even if the 

command is complete, the ^Z intZcZ *" «""»" 

the address generator 800 proceed in parallel and e^T^ n^faZrT T 4 °° /500 a " d 

the pixel clock PXCLK 15. A new pixel is thereXr Z »1h P f . minimum of six clock periods on 

unless sta.led by a peripheral devic Tl^^Z^Tn ~7?S!* ** *• ° f the inst ™«°" 

150 (Fig. 10 to be descSbed I e^f^ h J" ction - a """P 9-erator 

0 to 255 and indicates to the controller^OO when t L ?„ c ^ , PP " 6S 3 " neariy increasin 9 number from 

controHer 900 interfaces lo^X^SSSlS or the 1^!°? * ^ 3 S '' 9naL The wite 

also interfaces to a further [2712 ^ „ ' b " S 21 " The Wite COntro,,er 900 

track of when and where to read a^d 2 ^ en9, " e 9 WOrkscre °" me ™* 30. and keeps 

manLTonfigui T^LTZtntZn^ *" ^ ^ 10 " TheS6 ™ 
mon type of lnV«nictl^ Compositing commands are the most corn- 

operations in the page stor 4 ana" on, h VscrTn ^7J^^^ 1to P^^«lo U ra 1 H«bl.nd^ 
used to set up internal or external hartwa^^i? * S ° reen St0re 30 " Confi 9"ration commands are 

sation commands are U «^p^SX^^Z;rt 6, ^ C ° mP ° Sitin9 C ° mmandS - SynChr ° ni - 
hardware events. Table 1 shows he SetZl ?«! n , ? nChr ° n,sed to ,nternal nar ^are events or external 

The source and destination o bTendtn^ 7 mStn,Ct,ons and their respective instruction codes, 
the workscreen TSl^^^^^S^^'^^ ^ ™ °< 
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ory 4 to the workscreen memory 30; and compositing from the workscreen memory 30 to the compositing mem- 
ory 4. During CM to CM compositing, one pixel is read and written in every pixel clock period (75 ns). Reads 
are performed in the first half of the pixel clock periods and writes in the second half. The graphics engine 10 
uses a i pipeline delay system in which data is transferred sequentially between various devices within the 
5 engine 10. Accordingly, there is a delay between reading the "old" value of a pixel, and writing the "new" value 
of the pixel. For this reason, the compositing memory 4 address changes between the first and second halves 
of the pixel clock period. 

Due to timing constraints in the compositing memory 4, there is one pixel clock period delay between issuing 
a read address, and reading the data at that address. This delay is compensated for by adjusting the position 
10 within the graphics engine 10 pipeline where the read data is received. The compositing memory 4 also has a 
one clock delay when writing pixel data, but this does not affect the internal operation of the graphics engine 
10. 

During WS to WS compositing, a maximum of one pixel is read or written in every pixel clock period (75 
ns). Reads are requested in one pixel clock period, and writes in another. Because of pipeline delays in the 

15 graphics engine 10, for the same reasons as described above, the workscreen memory 30 address changes 
between successive read and write requests. 

Due to timing constraints in the workscreen memory 30, there can be a delay between issuing a read 
request, and reading the data at that address. Handshake signals from the pan/zoom engine 9 indicate when 
the data is ready. This delay is compensated for by stalling the graphics engine 10 pipeline until the read data 

20 is received. The graphics engine 10 reads the data from the monitor or workscreen 3 in the clock period after 
the read acknowledge handshake signal is received from the pan/zoom engine 98e 8, in order to be compatible 
with the one clock delay in the compositing memory 4. Latches, (not illustrated and external to the graphics 
engine as earlier described), hold the data during this delay. The workscreen memory 30 can also have a delay 
when writing pixel data. Typically, the first pixel written will not be delayed, as the write request is "posted", 

25 and performed in subsequent clock periods. The pan/zoom ratio must be set to 1 :1 for WS to WS compositing, 
as will be understood by those skilled in the art. 

CM to WS compositing is used to transfer pixel data from the compositing memory 4 to the workscreen 
memory 30. During CM to WS compositing, a maximum of one pixel is read and written in every pixel clock 
period. Reads are requested from the compositing memory 4 in the first half of the pixel clock period. Writes 

30 are requested from the workscreen memory 30 during the entire pixel clock period, but the address and data 
are only available in the second half of the pixel clock period. Separate addresses are maintained for the work- 
screen address and the compositing memory 4 address. 

Due to timing constraints in the compositing memory 3, there is a one pixel clock period delay between 
issuing a read address, and reading the data at that address. This delay is compensated for by adjusting th 

35 position within the graphics engine 10 pipeline where the read data is received. Due to timing constraints in 
the workscreen memory 30, there can be a delay between issuing the write request, and receiving the conr - 
sponding handshake signal from the pan/zoom engine 9 which indicates when the data has been accepted. 
This delay is compensated for by stalling the graphics engine pipeline until the handshake is received. The write 
address and data will be presented again in the second half of the next clock period until the handshake is 

40 received. Typically, the first pixel written will not be delayed, as the write request is posted, and performed in 
subsequent clock periods. 

CM to WS compositing can be used in conjunction with a reduction zoom ratio to reduce the size of the 
workscreen image. In a reduction mode, the pan/zoom engine 9 discards pixels from the graphics engine 10, 
and only writes every "NTH" pixel. This is transparent to the operation of the graphics engine 10, as the only 

45 difference it perceives is that writes appear to be completed quicker. 

CM to WS compositing can also be used in conjunction with a magnification zoom ratio to increase the 
size of the workscreen image. In expansion mode, the pan/zoom engine 9 reads a pixel from the graphics engine 
10, and writes the next "N x N" pixels with the same value. This is also transparent to the operation of the 
graphics engine 10, as the only perceived difference is that writes appear to take longer to complete. Note that 

so only the first pixel address in a run is used by the pan/zoom engine 9. The graphics engine 1 0 generates addres- 
ses for subsequent pixels, but those addresses are not required by the current implementation of the pan/zoom 
engine 9. 

WS to CM compositing is used to transfer pixel data from the workscreen memory 30 to the compositing 
memory 4. During WS to CM compositing, a maximum of one pixel is read and written in every pixel clock period. 
55 Reads are requested from the workscreen memory 30 in the first half of the pixel clock period and writes are 
performed on the compositing memory 4 in the second half of the pixel clock period. If the workscreen read 
has not been acknowledged by the end of the pixel clock period, the pipeline will be stalled. The read request 
will remain pending, and the write to the compositing memory 4 will be repeated at the same address. Separate 



6 



EP 0 465 250 A2 



10 



addresses are ma.nta.ned for the workscreen memory 30 addresses and the compositing memory 4 addresses 
Due to timing constraints in the workscreen memory 30. there can be a delav b^n Tc!,! J 
request, and reading the data at that address. Again handshake siana? -torn ?th. „- ? 9 * read 

when the data is ready. This deiay is compensated for 

data is received. The compositing memory 4 has a one clock delay when writinc the n 2 d«I k L . 
not affect the initial operation of the graphics engine 10 ' 9 P ^ bUt th ' S d ° es 

asi^c^ 

the graphics engine 10. This has the effect of expanding each pixel, but l^tmZ^^tSSZS^^l 
graph.es engme 1 0. Note that only the first pixel address in a run is used by the pan'zoom Engine S frhJSSiS 

a e c n c 9 o n unt 10 9enerates addresses for subsequent pixe,s - but these ^"^n^SS^SK;; 

WSto CM compositing must not be used in conjunction with an expansion zoom ratio in the pan/zoom 



15 engine 9 



Configuration commands are used to set up internal and external hflrHu/ aro r*r,w f~ « 

A Load Graphics Engine (GE) Salt Configuration command allows various modes to be set within t h» 

red« B »L»i h r 9h 4 ? ^ parameterfo,,owin 9 the load GE configuration instruction configure the "matte to 
red , matte to green", and "matte to blue" modes resDectivelv RitQ n ~t ^ ! 

write cycle, to override the pan/zoom engine's automatic address calculations The SER and SEW 
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tion is executed. Table 5 provides a description of various registers provided within the graphics engine 10. 

Synchronisation commands are used to maintain the graphics engine 1 0 synchronised to internal and exter- 
nal hardware events. There are two synchronisation commands, namely no operation (NOP) and WAIT. 

The NOP instruction has no effect upon the graphics pipeline other than to consume one word and one 
5 clock cycle. It is intended to be used at the end of an instruction stream so that the length of the stream is a 
multiple of four 32-bit words. This ensures that the DMA controller, provided on bus 14 in Fig. 2, and which 
transfers data in four word bursts, will always send the last command. 

The WAIT instruction prevents the graphics engine 10 from executing new instructions until one of three 
events occur. Those events are: a hardware restart signal is received, a software restart is received, or the 
10 graphics pipeline becomes empty. Options to the instructions select which of the events will restart instruction 
execution. Pixels from the previous instruction which are still in the graphics pipeline, are not effected by this 
instruction. 

The hardware restart option allows the graphics engine 10 instruction execution to be synchronised to 
external "real-time" events. This is required when performing a "test scan" where the graphics engine 1 0 is used 

15 to copy an image from the compositing memory 4 to the workscreen 3, while the scanner 6 is writing to the 
page memory 4 simultaneously. The graphics engine 10 and the scanner 6 operate on opposite halves of the 
page memory 4, and swap over every eight lines. The instruction stream presented to the graphics engine 10 
is separated into multiple strips of eight lines. A single WAIT instruction is inserted between the compositing 
commands for each strip. This forces the graphics engine 10 to wait for the scanner to "catch-up" before pro- 

20 ceeding to the next step. 

A software restart option allows the computer 1 to be synchronised to the graphics engine 10 instruction 
execution. If the computer 1 needs to perform certain tasks between groups of graphics instructions, a WAIT 
instruction can be inserted between the groups. When the graphics engine 10 reaches the WAIT, an interrupt 
is optionally generated, and the execution of the new instructions is suspended until the computer 1 writes to 

25 a CONTROL register with the RESTART bit set, as will be discussed later. 

The pipeline empty restart option allows the graphics engine 10 to wait-until the previous instruction is fully 
completed before starting a new instruction. This instruction is generally not required in normal operation. It is 
only required if a design error allowed neighbouring i instructions to effect each other. Table 6 shows the bit 
relationship of the WAIT instruction. 

30 In addition to registers provided for the DMA bus 14 in Fig. 2, registers are also available for the computer 

1 to interface with the graphics engine 10. Table 7 lists internal registers of the graphics engine 10 showing 
the relative address, size and whether the respective address is readable or writable. The COMMAND register 
provides an alternate mechanism for writing graphics commands to the graphics engine 1 0. Writing to the COM- 
MAND register places the input data on the top of a FIFO 150 within the RP interface 100, and is effectively 

35 the same as writing via the DMA bus 14. The status of the FIFO 150 should be read from the STATUS register 
before writing to the-COMMAND register, to ensure that the FIFO 150 is not full. Writing graphics commands 
via the COMMAND register is relatively slow, as it is not expected to be used in normal operation. It does, how- 
ever, provide a means of "single stepping" the graphics engine 10 for debugging and self test purposes. The 
FIFO 150 can also be written one word at a time. The control unit 300, however does not read the FIFO 150 

40 until it contains at least four words. Table 8 shows the arrangement of the command register. 

The CONTROL register is used for setting interrupt , masks, clearing interrupts, and enabling various test 
modes, and includes a bit configuration as shown in Table 9. 

The HIE bit is the hardware interrupt enable. If set to a 1, the computer 1 will receive an interrupt when the 
graphics engine 10 receives a WAIT command when the "hardware restart" option is enabled. This interrupt 

45 is cleared by writing a 1 to the CHI bit (even if the graphics engine 10 is stopped). The setting of the HIE bit 
can be read from the STATUS register. 

The EIE bit is the "ERROR" interrupt enable. If set to a 1, the computer 1 will receive an interrupt when 
the graphics engine 10 detects an error condition. This interrupt is cleared by writing a 1 to the CEl bit, until a 
new error is detected. An error is detected if a hardware restart or a software restart is received when the 

so graphics engine 10 is not in the STOPPED state. In the case of a hardware restart, this indicates a loss of 
synchronisation with the external real time event The current setting of the EIE bit can be read from the STATUS 
register. 

The RST bit is used to restart the graphics pipeline. When this bit changes from a 0 to a 1, the graphics 
pipeline is restarted. 

55 The SWR bit is used to generate a software reset. When set to a 1, the entire graphics engine 10 is reset 

to the power on reset condition. The SWR bit does not need to be cleared by a programmer, as the CONTROL 
register is also reset. 

The SEE bit is the "stop on error" enable. If set to a 1, the graphics engine 10 will enter the STOPPED 
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condition if an error is detected. 

Six bits designated TMn are used to enable test modes in blocks within the graphics engine 10 TMO is 
used to put the run length counter 220 into a test mode as will be discussed later. TM1 is used to put page and 
screen address counters, within the address generator 800 into a test mode, as will also be discussed later 
5 The STATUS reg.ster is used to monitor the interrupt flags and the FIFO 1 50 status, to read the version 

number, and to read the status of the various test modules. Table 9 shows the configuration of the status reg" 

C1C The ,1 l ,l' S E E ' E bitS refleCt the St3te ° f the interrupt masks set in the CONTROL register The HIF 
SIF. and E F b.ts are interrupt flags. If these flags are set. and their corresponding interrupt enable bit is set 
10 an interrupt will be generated. ' 

K? e -rl IF SB ! Wh6 T the 9raphics e "9 ine 1 0 selves a WAIT command with the "hardware restart" option 
enable. This bit is cleared by writing a 1 to the CHI bit in the CONTROL register 

The SIF bit is set when the graphics engine 10 receives a WAIT command with the "software restart" option 
enable. This bit is cleared by writing a 1 to the CSI bit in the CONTROL register 

15 in IteCOUTRoZTQMeT *" ^ C ° nditi ° n * detected - This inte ™Pt is cleared by writing a 1 to the CEI bit 

IT ™ F J? iS ^ he "u the FIF ° 1 50 iS fUl1, indicatin 9 the COMMAND register should not be written 
The GR bit is set when the graphics engine 1 0 is running. Running is defined as "not waiting and the FIFO 
150 is not empty . (i.e. when the graphics engine 10 is executing an instruction) 

20 F.FO T 150 D Th e b T?n S hl W r he fl n ^ T^"' ^ RP ™' deteCtS an overrun conditi °n >" the 

FIFO 150. The TSn b.ts reflect the level of a number of internal modes which are used during testing by the 

dev.ce manufacturer during manufacture of the graphics engine 10 using LSI technology. The Vn bits contain 
the version number of the integrated circuit (LSI) chip. i-uniain 
The graphics engine 10 inputs and outputs can be classified into four categories 
25 1. Interface signals with the computer 1, and in the preferred embodiment, the computer is an i960 pro- 

cessor operating at 33MHz; w 

2. Page memory 4 interface signals; 

3. pan/zoom interface signals; and 

4. other interconnect signals. 

30 Table 1 0 provides a list of each of these signals. 

The computer 1 (i960) can access the graphics engine 10 in three ways, either by DMA writes, register 

thl Ic^lZ 9 ;^ I t teS - T w e 0 DMA interfaCe 14 " US6d 10 h "" tar 9raphics commands fr °™ 'he memo* o 
■the computer 1 at h.gh speed. Reg.ster writes are used to configure the graphics engine 10. and register-reads 

35 de e bu U g Se modeT 0n,t0r * ^ Raflhtar a " d ""'^ are ais ° used in test a " d 

S ^ Sd DMA aCCe f S t eS are required in order to tran^r large images to the graphics engine 1 0 without 
degrad,ng the operat.on of the graphics system, seen in Fig. 1 . The graphics engine 1 0 has an interna. F.FO 
150 which accepts four consecutive 32-bit words from the DMA controller of the computer 1 in a single DMA 
transfer. Th.s type of transfer is known as a "quad word burst flyby" DMA transfer. A DMA request is issued by 
he graph.cs eng.ne 10 whenever the FIFO 150 has room for at least four 32-bit words. The DMA controller of 
J' 7"^ ^sequent* acknowledges the request and writes four 32-bit words of data in a single burst 
pTm , I ? T T P ' 6te tHe tranSfer iS determined b Y the access time of the memory (usually dynamic 

RAM) of the computer 1 . The time between accesses is determined by the available bandwidth of the bus inter- 
mit i? CO T!T , 9raphiCS en9ine 10) - ,f no other DMA channels are operating, the graphics 
fhf a T f ' eaSt 50% 3CCeSS l ° tWs buS " Assumins most accesses to the computer 1 are duS 
lS 5« T ?: T 10 9raPhiCS e " 9ine 10 iS a PP^«tely 432-bit words every 26 processor 

so and^^aT^ 

h^H^fl?^ 306 betWee " the 9ra P hics en 9 ine 10 and the compositing page memory 4 preferably has a 
iZSTrS a TT ate ' y 1 °° per sec °" d - One 32-bit pixel is read and written in every pixel Co* 

tZ L I k \c are perf0rmed in the first half of P ,xel d °<* period * and ^tes in the second half. 

55 5?h1w 1 I" ^ eCt ' 0n 6Very Pixe ' C,OCk period - Since the width °' the data bus 19 is high 

55 (32 b,ts) care must be taken to ensure that there is no contention between the graphics eng.ne 1 0 and the com- 
posing memory a when the bus 19 is changed from input to output, and output to input 

mnXoin?!!? P ?K Sitin9 T m0ry 4 US6S StatiC chips with an access t""e of 25 ns. In order to relax timing 
constants on the graphics engine 1 0. a one clock delay is inserted between issuing a read address, and read- 
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ing the data at that address. This delay is compensated for by adjusting the position within the graphics pipeline 
of the engine 10 at which the data is accepted. 

Furthermore, in order to relax timing constraints on the graphics engine 10, a one clock delay is inserted 
between issuing a write, and when the write is actually performed. This delay is transparent to the operation 
5 of the graphics engine 1 0. 

The interface between the graphics engine 10 and the workscreen 3 uses the same address and data bus 
as used to read and write to the compositing memory 4. The workscreen memory 30 is shared between an S 
Bus device, display refresh, and reads and writes from the graphics engine 10 via the pan/zoom engine 9. As 
a result, there is a delay between issuing a read request, and reading the data at that address. Handshake 
10 signals from the pan/zoom engine 9 indicate when the data is ready. This delay is accounted for by stalling the 
pipeline of the graphics engine 10 until the read data is received. The workscreen memory 30 can also have 
a delay when writing pixel data. Typically, thefirst pixel written will not be delayed, as the write request is posted, 
and performed in subsequent clock periods. 

The preferred hardware implementation of the graphics engine 10 can now be described having introduced 
15 various control functions that the graphics engine 10 provides. Not all hardware components are described in 
detail as some perform functions that are readily identifiable from their name and hence are readily understood 
by those skilled in the art. 

Unless otherwise stated, all latches and flipflops to be referred to use the main pixel clock signal PXCLK 
(operating at 13.35 megahertz). Enable signals do not clock these devices directly, or gate the clock, but simply 

20 select new data via a front end multiplexer which would otherwise recirculate old data. The various modules 
of Fig. 2 can now be described. 

The render processor interface 100 of Fig. 3 is responsible for controlling and monitoring the status of the 
graphics pipeline of the engine 1 0 from the computer 1 which is preferably an i960 processor. All control signals 
between the graphics engine 10 and the computer 1 are synchronous to the computer clock HCLK. The RP 

25 interface 100 resynchronises the signals to the pixel clock (PXCLK) which is used by the remainder of th 
graphics engine 10. The RP interface 100 is divided into a control block 120 and a first-in-first-out shift register 
(FIFO) 150. 

The RP controller 120 is not shown in detail but generally includes an address decoder, a control register, 
a status register, an interrupt controller and a DMA controller. The address decoder generates register select 
30 signals for the control register, the status register and the command register. The control register, when selected 
by the address decoder is loaded with data from the computer 1 which is used to configure the interrupt, 
synchronisation, and test modes as earlier defined. The control register contains resynchronisation flip-flops 
to synchronise to the pixel clock PXCLK. The status register allows the computer 1 to monitor interrupt flags, 
the status of the FIFO 150, and other internal conditions as defined earlier. The status register also contains 
35 circuitry to regenerate synchronised reset signals and status outputs. The interrupt controller combines interrupt 
flags from the status register where the interrupt enables from the control register to produce the output INT of 
i the interface 100. The DMA controller generates a DMA request when ROOM_44, seen in Fig. 3, indicates 
that the FIFO 1 50 has room for four more words from the computer 1 . When the computer 1 grants a DMA cycle 
via the DACK signal, a new word is written into the FIFO 150 in each processor clock period where NEXT is 
40 asserted. If a DMA acknowledge is received when a DMA cycle has not been requested, an error condition is 
generated. A WRITEFF signal is asserted for each valid DMA word. 

The FIFO 1 50 as seen in Fig. 4 uses an eight word 32 bit dual port RAM 170 to interface the computer 1 
with the pixel pipeline within the engine 10. A write address generator 155, synchronised to the processer clock 
PLCK interfaces the computer 1 to the RAM 170. A read address generator 160, synchronised to the pixel clock 
45 PXCLK interfaces the RAM 170 to the pixel pipeline. Handshake signals between the two address generators 
are synchronised in each of their respective receiving circuits. 

The write address generator 155 operates synchronously with the i processer clock PCLK to produce an 
address and a write pulse to the RAM 170. The generator 155 also generates a signal to indicate when there 
is room for four more words, and two signals to indicate when the two halves of the FIFO 150 contain valid 
so data. The FFMT output provides an indication to the computer 1 via the status register of the RP Controller 
120 that the COMMAND register should not be written. 

The generator 1 55 is implemented with a three-bit counter which is reset to 0 when the RP_RESET signal 
is asserted. The counter increments when the WRITE_FF signal is asserted. 

The read address generator 160 operates synchronously with the pixel clock PXCLK to produce an address 
55 to the RAM 170. The generator 160 provides a signal to indicate when the FIFO 1 50 is empty and two signals 
to indicate when the two halves of the FIFO 150 have been read. The generator 160 is implemented with a 
four-bit state machine which is initialized when the PX_RESET signal is asserted. 

Fig. 5 shows a state transition diagram which illustrates how the address and the "empty" signal (MT) are 
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generated within the read address generator 160. 

The control unit 300 seen in Fig. 6, interfaces the render processer FIFO 150 to the graphics pipeline The 
unit 300 consists of.nstruct.on and microcode registers 305 and 310. an instruction interpreter 320 and 1 
instruction decoder 350. The instruction interpreter 320 parses incomino instn.r^nc " ' n r prwer f 20 ' and an 
the registers 305 and 310 in accordance wiS the colore™ T 

.ns trucon register 310 to produce a status word which is passed to the graphics pipeJneTan "EX UCODE" 

tS^IT-' 5 nf ^ ^ TT a ' inStrUCti ° n deC ° de iS byp3SSed b * the data «" the m cro-codelglstS^ 305 
This code is used for test and debug purposes. register JU5. 

The construction and operation of the instruction interpreter 320 and instruction decoder 3«?n w « , 

Tn lof e° a S c e h Skil,ed ^ ° f app,ica *>- specific mk^rtm.J^.SS^ me £X 

ment of each new m,crocontroller, a new or modified instruction set must be developed which wh^ 
data, must involve the interpretation and decoding of various commands. aeve,0ped wh,ch when read ' na 
Theruncontroller200,seeninFig. 7, interconnects the RP interface 1 0f) with th a rfof=«»M,- . ... . 

216 T Th e p7 a "Jh n ^ re9i , Ster 2 l°- Sh0W " m ° re de,a " in Fi9 " 8 ' indudes ,atches 212 and 214 and a multiplexer 

224 TaZ^Ta^Zafn* a T" ^""J?" * mU,tipleXer 222 ' 3 Renting counter 

nnil ! w !■ . f 9,0 Un,t 23 °- The mn len 9 th counter 220 c °«nts the number of pixel' com 

pos ted and indicates when the last pixe. is in progress. The counter 220 is initialized with one .esHhln nTe 

rM . I ramP , 9ene ; a u° r 25 °' See " in Fi9 ' 10 9enerates a lineari / l-omaslng number from 0 to 2 « ov^the 

hv tl^TA^T 98 " 6 ? 250 COmprises an in P ut la tch 252 which supplies a multiplexer switch 254 selected 
by the START signal. The multiplexer 254 outputs the 13 bit data word, representing the mn lenq^h ,o fofr 

ROM 2 U 60 rh ch ^ ° Perate , 0n . Sel6CtiVe bitS ° f tHe W ° rd ThS 6i9ht ' aa ^t Significant bT^e supp,^ \Z 
ROM 260 wh.ch compr.ses a lookup table outputting a value corresponding to 255/(RL-1) All 13 bite of Vh 

296 ?KSSI?T l T ^ UdeS 3 SUmmer 29 °- fUrther «"*W««s 286 and 288. a flipflop 294 and Sen 
fed back to the S umr r 2j 1 ^ ° UtPUt ° f accu ™ ,at °' 292 divides such that all 1 6 bH. i£ 

ted back to the summer 290. w.th the eight most significant bits outputting to the multiplexer 288 As indi«t~H 

- ^iXr 2 S» si9nmcant bitt bit 1Si feeds back to switch the 282 as 

„nJS% * * 8 f h T lhS * W ° W3yS in Which the ramD out P ut of the generator 250 is formed Note that an 
wh n ml?n .^T^ 250 d t 6S ^ necessari, y **** t" a t the ramp output value is changTd (as in me case 
me nXnlZT:: ?h ef tha " f 5> - The 9enerat0r 250 0perates in modes - Fi ^y a "jump" m^de vSen 
55 morfp il rf ? 51 ° f eqUa ' tQ 255> and 8 " step " mode w hen the run length is greater Ln 255 The 

When ,n the jump mode, the output value from the ROM 260 is added to the accumulator 292 which is 
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initialized to zero by the START signal. The most significant bits of the accumulator form the ramp output as 
can be seen from Fig. 10. 

When in the step mode, the generator 250 applies an algorithm similar to Bresenham's line drawing 
algorithm, which is known to those in the computer graphic arts. The accumulator 292 is initialized with the con- 
5 stant (511 - RL), and the ramp counter is initialized to zero. In subsequent clocks, one of two constants are 
added to the accumulator:- 510 if the accumulator is negative, or, (512 - 2RL) if the accumulator is positive. 
The ramp counter (flip flop 294) is incremented on every clock where the accumulator 292 is positive. Note 
that thestep mode requires the multiplexer 254 to bypass the latch 252 during the START cycle. This allows 
the new value in the CONSTI module 265 to be loaded into the accumulator 292 in the START cycle. The mul- 

10 tiplexers 280 and 282 are shown in Fig. 10 for clarity only. A simpler implementation for the multiplexer 280 is 
a string of AND gates. Similarly, the multiplexer 282 can be implemented as a string of OR gate for the nine 
least significant bits, and a string of AND gates for the most significant bits. 

The colour component data path of the graphic engine 10 consists of three eigh t- bit data paths. Each eight- 
bit path contains an interpolator 400, which also performs colour correction, and a compositor 500. The red, 

15 green and blue interpolators are identical. The three compositors, however, are slightly different. The green 
compositor is used by the matte channel in some instructions and the resulting differences in the green channel 
are described later in this specification. The colour interpolators 400 comprise three modules: a synchronisation 
module 410, an interpolation phase A 420, and an. interpolation phase B 450. The synchronisation module 410 
spans stages 0 and 1 of the graphics pipeline and holds operands for the current instruction, and instruction 

20 operands for the next instruction. The interpolation phases A and B (420 and 450) perform blends and colour 
correction. The two phases are required in order to maintain one pixel per clock cycle. Phase A (420) is in stage 
2 of the pipeline, and phase B (450) is in stage 3. 

The synchronisation module 410 is not shown in detail but however comprises latches and fiipflops which 
provide the start colour, the end colour and the pixel value. 

25 The interpolation phase A 420 is shown in Fig. 13 and performs two types of calculations, either blends, 

or colour corrections. Those skilled in the art will appreciate that colour runs are simply a degenerate case of 
a blend when the start and end colours are the same. The phase A interpolator 420 performs calculations for 
the first part of both types, namely 

for blends, C_MULT = (END-START)* RAMP /256 

30 for colour correction, C_MULT » (END*PIXELV256). 

The interpolator phase A420 comprises a summer 4Z2 which subtracts the START value from the END 
value. The multiplexers 424 and 426 change the inputs to the multiplier 430 respectively. For blend commands, 
the summer 422 has a nine-bit two's complement output which is fed to the multiplier 430. For colour correction 
commands, the END value (which also corresponds to the CONTRAST) is fed to the multiplier 430 when the 

35 sign bit is set positive. In blend commands, the second input of the multiplier 430 comes from the ramp generator 
250 of Fig. 1 0 and has the effect of controlling the mixing proportion. In colour correction commands, the second 
input of the multiplier 430 comes from the commands pixel string. A new pixel to be colour corrected is load d 
every non-stalled clock period. Only the top nine bits and the sign of the multiplier output are required. The 
output is a 10-bit two's complement number. Rounding is not performed as a one least significant bit error is 

40 considered acceptable. 

The STARTED output contains a delayed version of the START value for the next phase of the interpolator. 
In colour correction mode, the START value is equivalent to the BRIGHTNESS. 

Phase B 450 of the interpolator 400 performs the second part of both of the blends, and colour correction 
calculations, namely 

45 for blends, D_OUT = C_MULT + STARTED = ((END-START)* RAMP/256) + START 

for colour correction, D_OUT = (C_MULT*2) + STARTJD = ((END_START)* RAMP/1 28) + START 
It should be noted that rounding errors introduced by the multiplier 430 of phase A 420 lead to an error of 
one in the final value of the- blend. That is 

for END-START>0, D_OUT(FINAL) = END-1 
so for END-START>0, DJDUT(FINAL) = END + 1 . 

The phase B circuit 450 comprises two multiplexers 452 and 454 both supplying a summer 458. The sum- 
mer 458 supplies a limiter 460 which, in turn, supplies the output via a latch 462. The multiplexer 452 changes 
the inputs to the adder 458 to perform the multiplication by 2 for the colour correction function. The most sig- 
nificant bits pass straight through to the adder 458. For blend commands, this has the effect of signextending 
55 bit 8 by one position. 

The multiplexer 454 adds an extra two inputs to the adder 458 to perform a sign-extension for the colour 
correction function, which uses a 8-bit signed format for the BRIGHTNESS. For blend commands, these two 
bits are set to 0, as the START value is unsigned. The adder 458 sums the two 10-bit signed numbers output 
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from he multaplexes 452 and 454 to produce a 1 0-bit signed result, and a positive overflow indicator (POV) A 
negative overflow ,s not possible in either b.end or colour correction modes. In blend mode^ftT£rtC22" C 
always positive, and in colour correction mode, the MULT value is always positive 

The adder 458 output is passed to the Iimiter460 which is used to saturate values areater than m 9« 

OUR SOURCE field n the command. The limiter 460 has no effect in run or blend commands as the adder 
458 output is always ,n the range 0 ... 255. The output from the limiter 460 is latched (462) in ever^ non ste |fed 
clock penod, in readiness for the next pipeline stage. ^ ed 

The limiter 460 is not shown in detail as its configuration can be readilvrif»ri»ortf mmt h^^K ^ • . 
10 The limiter 460 has an input bus range from -128 to +638 * ^ abOVB descn P tlon - 

Fig. 15 shows a colour compositer 500 which includes four modules comprising a synchronisation module 
520, a composing phase A 540, a compositing phase B 560, and a matte multiolexer ^BO ThT^h * 
module 520 is in stage 4 of the graphics pipeL. ft latches the RGBM data IS^^'SS^^ 
W °, c S c C n een J nem ° ry (28 ° r 30) and s y nchro "i^s it with the pixel pipeline. Con^J^^^S^ 
is and 560 perform a b.end between the original value in the externa, memory. an^ Tne^ue ^ L Z' 

[Vr s tZT P °T A °l PrOPOrt, '° n b6tWeen ° ri9inal and new is ^ me BLEND b^js wWch 

comes from the matte combiner 700. Two phases are again required in order to maintain one pixel per 
cycle phase. Phase A540 is in stage 5 of the graphics pipe.ine and phase B 560 is in ^geTjh^e^ 
t,p.exer 580 allows the data from the matte channel to be output on one or more of the Sour ptane Th^is 

20 ^Z^^oZ^. G ° UT - ' S "~" " " ~» ~- - g^Tc^el 

The synchronisation module 520 is not shown in detail as it merely latches data from external memories 
to provide that data synchronously with the phase A unit 540. The STALL signal is delayed Tthis rrTodTby 

25 oT^oTs^ 

Phase A 540 of the compositor 500, seen in Fig. 1 6. performs the following calculation- 

C_MULT = (C_ORIG - C_NEW)*BLEND/256 * 

which is fed to the multiplier 546. The second input to the multiplier 546 comes from the matte combiner 7DO 
2 torT V. C ° n,r0l,in 9 * e mixi "9 P r °P° rti -. A value of 0 represents a fully opaqu^o^ 
the top 8 bits and the sign of the multiplier 456 output are required. The output is a 9 bit twoTcompfemem 

35 NEW D . t Un f " 9 S a9ain :° l Perf0fmed 88 3 ° ne ' eaSt Si 9" ifi0ant bit cons^7ZSi™te 

P^sto^^: del T d : n T i0 Va ' Ue f ° r " eXt Ph3Se < 56 °) ° f the compter 500 

Phase B 560 of he ^compos, tor 500 ,s shown in Fig. 17 and performs the following calculation: 

*u * D -M ULT = C_MULT + C_NEW_D = ((ORIG-NEW)*BLEND/256) + C NEW 

for „ ! * 9 err0rS introduced bv * e 546,in phase A 540 lead to an error of at least one 

for non-opaque compositing. For example: 

io when ORIG-NEW>0, 

D _OUT (fully transparent) = ORIG-1, 

when ORIG-NEW<0, 

D_OUT (fully transparent) = ORIG+1 . 
Fully opaque compositing will always produce the exact NEW value That is- 
45 D_OUT(fully opaque)=NEW. 

A J^ln f ° inClUd ! S a , n 3dder 562 WhiCh Sums the 9 " bit si 9" ed number *«m the multiplier S46 in phase 
A with the 8-b.t unsigned value from the ORIG delay flip-flop 550 also in phase A 540 The resu.Us alwavs in 
the range 0 to 255 as the compositor 500 can only produce numbers between the ORIG and NEW va^ The 

so stgTo^r^ 

700 a o2 CV J^Tt Seen r' 9 - 2 C ° mpriSeS 3 trans P arenc y interpolator 600 and a matte combiner 

™e„ asxA^ ""T* * 9e " erate 3 transparency b.end by interpolating be- 

The frlnfrlrtn ? trans P ar f. and t0 Combine tne transparency blend with the matte plane. 
* module 6?oTnint2 y T at ° r 600 IS ShOWn Fi9 " 18 havi "9 three modules fading a synchronisation 
^J^Z^£?£T ,ti°;: nCi a " inter P° ,ation P h ^ B 670. The synchronisation module 6^0 
nexUnsSton plsel A fiT h b «™ * ^^"^ the CUnent inst ™*°". *« ^ches operands for the 
U^"- Phases A 640 and B 67 ° Perform transparency blends and texturing. Again two phases are 
required ,n order to maintain one pixel per clock cycle. Phase Afe in stage 2 of the P i%^ and phase ?is In 
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stage 3. 

Fig. 19 shows the various components within the synchronisation module 610. Latches 612 and 614 hold 
the START and END transparency parameters for the next instruction. This corresponds to stage 0 of the 
pipeline. Flip flops-620 and 622 load these values when the START signal indicates the first pixel of a new 
5 instruction is in progress. A third latch-616 holds the texture start parameter for the next instruction. This is a 
2-bit parameter which determines the byte offset into the initial texture word for texture run and blend com- 
mands. It is loaded into a third flip-flop 624 via a next offset module 61 8 when the START signal indicates the 
first pixel of an new instruction is in progress. A fourth flip-flop 626 holds the texture for up to four pixels in texture 
run and blend commands. The flip-flop 626 is loaded from the data bus DJN in every fourth non-stalled clock 
10 period. A fifth flip-flop 628 holds the transparency for each pixel value in pixel string commands, and is loaded 
from the data bus in every non-stalled clock period. 

The next offset module 618 is used to control the texture byte offset, and the texture word flip-flop 626. For 
texture run and blend commands, the texture byte offset is Initialised when the START signal is asserted, and 
counts by one in other non-stalled clock periods. When the offset equals 3, the LASTT signal is asserted. The 
15 texture word flip-flop 626 enable signal is also asserted at this time as well as during the start cycle 
Phase A 640 of the interpolator 600 is shown in Fig. 20 and performs the following calculation: 

T_MULT = (T_E ND-T_START) * RAM P/256. 
Phase A 640 includes a summer 642 configured to subtract two input data bytes. The output of the summer 
642 is a 9-bit two's complement output which is fed to a multiplier 644. The second input of the multiplier 644 
20 comes from the ramp generator 150 of Fig. 10 and has the effect of controlling the mixing proportion between 
the start and end values. Only the top eight bits and the sign of the multiplier 644 output are required. The output 
is a 9-bit two's complement number. Again, rounding is not performed as one least significant bit error is con- 
sidered acceptable. Phase A 640 also has a T_START_D output which contains a delayed version of the 
T_START value provided by a latch 652 for the next phase of the interpolator 600. A multiplexer 646 uses th 
25 T_OFF signal from the synchroniser 61 0 to select one of the four texture bytes in the T_PIXELS input. In texture 
run and blend commands, a different byte is selected in each pixel clock PXCLK period. In pixel string com- 
mands, the transparency is selected from the T_PIXELS input via a second multiplexer 648. The textur is 
latched (654) to maintain synchronisation with pipeline stage 2. 

Phase B 670 of the interpolator 600 is shown in fig. 21 and performs the second part of blend calculations, 
30 namely: 

TR_OUT = T_MULT + T_START_D = ((T_EN D-T_START)* RAMP/256 + T-START. 
Note that rounding errors introduced by the multiplier 644 in phase A 640 lead to an error of one in the final 
value of a blend. That is: 

for T_END-T_START>0,TR_OUT(FINAL) = T-END-1 
35 for T_END-T_START<0,TR_OUT(FINAL) = T_END + I 

In Fig. 21 , an adder 672 sums the 9-bit signed 

value from the multiplier 644 in Fig. 20 with the 8-bit start value. The result is always a positive 8-bit value 
since it must be in the range T_START ... T_END. A multiplexer 676 selects the output of the adder 672 for 
run or blend commands, or the texture byte for other commands. In bitmap commands, and commands which 
40 do not have subsequent words, the opaque signal is asserted. This has the effect of forcing the texture to 25S 
(opaque). 

The output from the multiplexer 676 is latched (678) in every non-stalled clock period, in readiness for the 
next pipeline stage. The transparency value from the output of the "opaqueing" module is also latched (680) 
and passed separately to the matte combiner 700. The matte combiner 700 uses this value when the "matte 
45 source = subsequent" option is specified by the instruction set. 

The matte combiner 700 is shown in Fig. 22 having four modules including a synchronisation module 710, 
a matte calculator 730, a matte delay 720, and a green multiplexer 790. 

The synchronisation module 710 is in stage 4 of the pipeline. It latches the matte plane of the RGBM data 
from the external compositing 4 or workscreen 30 memory in the first half of the pixel clock period. Based on 
so this value and the transparency from the transparency interpolator 600, the matte calculator 730 produces a 
blend value for the colour compositors 500, and a new matte value for the compositing memory 28. Matte cal- 
culations are performed in stage 4 of the pipeline. The delay 720 passes the matte value unchanged to the 
green multiplexer 790 to synchronise with the colour components which are calculated in stages 5 and 6. The 
green multiplexer 790 allows the data from the green channel (400, 500: Fig. 2) to be output on the matte plane 
55 of the compositing memory 4. This is performed in stage 7 of the pipeline. 

Fig. 23 shows the components within the matte synchronisation module 710. A latch 712 produces a 
delayed version of the STALL signal to compensate for the one clock delay in the compositing memory 28. The 
input data from the external memory is asynchronous to the main internal pixel clock PXCLK. It is, however, 
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synchronous to the CLK 2 signal which is used to derive the pixel clock via a NAND gate 714, so the phase is 
fixed. This data is latched (716) in the first half of the pipeline stage 4. 

The matte calculator 730 is seen in Fig. 25 and performs two calculations: 

BLEND = LIMIT (TR_IN-M_SYNCD) 
M_OUT = LIMIT (M_SYNCD-TR IN) 
where LIMIT (a-b) = 0, if a - b < 0 ' ~ 

Both the TRJN and the M.SYNCD inputs are 8-bit unsigned values. The components in the top half of 

500 fnout ^S1\ BL T T PUt , r ,Ch ,S US6d 10 C ° n,rol the miXin9 pr ° POrti0n in the co.ourco° P po h s - ^ 
S,™rr fr ? ,V 3 Va ' Ue ° f ° re P resents transparent compositing- An output value of 0. Howe ve7 

represents fully opaque compositing. The BLEND value is calculated by substracting, using an adder 734 toe 
matte data ,n the composing (or workscreen) memory 28 from the transparency which has eithi a run Wend 

TZZ 7t\ T\ 738 S 7 a 'o rateS tHiS Va ' Ue l ° ° * the r6SU,t is ne 9 ative ' as °y car^ bit from 

the adder 734 A multiplexer 742 can bypass this calculation and select the input transparency l it 

NUS M ,n P ut ,s not asserted (the T_MINUS_M signal is decoded from the command word in the confrolun it 
300.)Tocom P ensateforthedifferentinputandoutputsenseofthetransparency.themu.tip^ 
Znlns zssZT b '° Ck ^ " * ^ ^ ^ <° *• ° Utput via a ,atch 752 ^ ^e T 

The components in the bottom half of Fig. 25 calculate the M_OUT output which is written into the matte 
plane. This value « calcu.ated by subtracting, using an adder 736, the transparency from the matte data ZTe 
composing (or workscreen) memory 4,30. A further limiter 740 saturates this value to 0 if the resutis nlgatile 
as seated by a carry from the adder 736. A subsequent mu.tip.exer 746 can bypass this c*cLX,.^25 
the input transparency if the M_M,NUS_T input is not asserted. A further mu.tip.exer 748 se.ects me subs ? 
value if the matte source f.eld of the instruction specifies "subsequent". Both the BLEND M OUT VALUES a"re 
latched to synchronise to stage 4 of the pipeline; ~ ™-«co are 

25 The matte delay 720, seen in Fig. 24. passes the matte value unchanged to the green multiplexer 790 to 

5, and a second flip-flop-754 synchronises to stage 6. -i OL<, a B 

The address generator block 800 of Fig. 2 is responsible for providing read and write addresses for th 
composing memory 4 and the workscreen memory 30. A read cycle and a write cycle are performed in each 
so pixel Cock period. Compositing memory 4 addresses are provided by a page - address generator within 

address generator 800, and workscreen addresses are provided by a screen address generator also within he 

ZZZIZI ""T 9 T rat ° r 800 ° PerateS " 3 manner knOW " 10 th0se skilled »• artTn^ecJng 
ZZT, %l t SS6S Wlthm WOrkscreen and compositing memories. Having selected the appropriate 
address either the page or screen addresses are multiplexed as determined by read and write signals The 

Z e n a cy deaths* ^ thr ° U9h " ^ ^ * COmpe " Sate ** dela ^rough *• -lourand Jns- 
The write controller 900 of Fig. 2 performs three main tasks, namely: 

1. To implement additional functionality required for "bitmap mode" instructions- 

2. To provide appropriate pipeline delays of write control and other status information- and 
40 3 To interface to the compositing memory 28 and the pan/zoom engine 9 handshake signals 

»nH JhI ^ h T S 9 . enera,0r 8 ° 0, ,he Wfite control,er 900 Unctions known to those skilled in the art 
and a deta,led exp.ana ,on ,s not required in the specification. Essentially, the write controller 900 includes three 

st byword toZSto? T w- T* 1 * d6,ay - aP ' /0 MW unit " ,n bit ma P ™ d * '"Actions, a JEj 

toZlTlenZlnT* Wf,t r T°' ° ther StatUS inf0 ™ ati °"- » contains a block which is usS 
2^T^. , !SS5: ST" 1 10 int6rfaCeS 10 the C ° mpOSi ^ nr 4 and the pan- 
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The foregoing description provides an architecture by which a graphics engine 10 can be produced to 
achieve colour desktop publishing functions. proaucea to 

The preferred embodiment of the graphics engine is able to implement a wide range of commands so as 

SSTSxS? ess? TE F ™F h R c rr an ^: espective,y known as canvas run - ^as^ss 

ThL paLaq pnf, T EXTURE and CANV AS TEXTURE BLEND will now be described, 
th* Jlc RUN function composites a run of colours with the image, with compositing controlled by 

LtuTedTaS/^ t t h P 'f 1"' 8 C ° mmand SimulateS the interac « on of P aint wit " invas o other 
textured materials, as textured dents in the background progressively "fill up" with "paint". The canvas run com- 

arresTTetlVsitir c' en9th " " 3 ^'^ eqUa ' l ° the Star< C ^ -S^ii age 

matte Lnl * C ™ P ° S,bn 9 ,s contro,led b V the difference between the transparency run and the 

matte plane of the image. The matte plane is changed to. be the difference between the matte value and the 
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The operation is as follows for n=0 to Run_length-1 

RGB (image) [address+n] 
558 ( (T (start) .Matte (image) [address+n] ) *RGB (start) 
+ (256- (T (start) .Matte (image) [address+n] ) ) 
*RGB (image ) [address+n] ) /256 

Matte (image) [address+n] 
= Matte (image) [address+n] . T (start) 

where . represents a subtraction operation with underflow limiting. 

The canvas run command is used for compositing object based constant colour "brush strokes" onto a text- 
ured background, where it is desirable to simulate the cumulative interaction between paint and a textured back- 
ground. To achieve this effect, the page matte should contain an image which corresponds to the texture of 
the background. 

The CANVAS BLEND function composites a blend of colours with the image, with compositing controlled 
by the blend transparency and the matte plane. This command simulates the interaction of paint with canvas 
or other textured materials, as textured dents in the background progressively "fill up" with "paint". 

The canvas blend command composites the run length number of pixels of a colour smoothly changing 
from the start colour to the end colour with the image, starting at the page address. The intensity of compositing 
is controlled by the difference between the blended transparency and the matte plane of the image. The matte 
plane is changed to be the difference between the matte value and the blend transparency. 

The operation is as follows for n-O to Run/length-1 
Interpolation [n] = n/ (Run_length-1) 
T[n] = Interpolation [n] *T (end) 

+ (1-lnterpolation [n] ) *T (start ) 
RGB [n ] = Interpolation [n ] *RGB (end) 

+ (1-interpolation [n] ) *RGB (start) 
RGB (image) [address+n] 
= ((T[n] .Matte (image) [address+n] ) *RGB [n] 
+ (256- (T [n] .Matte (image) [address+n] ) ) 
*RGB (image) [address+n] ) /256 
Matte (image) [address+n] 
* Matte (image) [address+n] .T[n] 

where . represents a subtraction operation with underflow limiting. 

The canvas blend command is used for compositing object based blended colour "brush strokes" onto a 
textured background, where it is desirable to simulate the cumulative interaction between paint and a textured 
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background. To achieve this effect, the page matte should contain an image which corresponds to the texture 
of the background. 

The CANVAS PIXELS function composites a run of pixels with the image, with compositing controlled by 
the p.xel transparency and the matte plane. This command simulates the interaction of paint with canvas or 
other textured matenals, as textured dents in the background progressively "fill up" with "paint" 

The canvas pixels command composites the run length number of pixels with the image, starting at the 
page address. The intensity of compositing is controlled by the difference between the pixel transparency and 
the matte plane of the image. The matte plane is changed to be the difference between the matte value and 
the pixel transparency. 

The operation is as follows for n=Q to Run_length-1 

RGB (colour corrected) [nj 

•/ 

- Limit ((RGB (contrast) *RGB (pixel) [n])/256+ RGB (bright) ) 

RGB (image) [address+nj 
= ( (T (pixel) .Matte (image) [address+n] ) 
*RGB (colour corrected) [n] 

+ <256-<T (Pixel) .Matte (image) [address+n])) 
* RGB (image) [address+n] ) /256 
Matte (image) [address+n] 
= Matte (image) [address=n] .T (pixel) 
where . represents a subtraction operation with underflow limiting. 

The canvas pixels command is used for compositing pixel based "brush strokes" onto a textured back- 
ground, where it is desirable to simulate cumulative interaction between paint and a textured background To 
ach.eve this effect, the page matte should contain an image which corresponds to the texture of the background 
This command can also be used for simulating screen printing of a natural image onto a textured background' 
„ ii h ! C ^ NVAS TEXTURE RUN function composites a run of colours with the image, with compositing con- 
troMed by the texture and the matte plane. This command simulates the interaction of textured brush smokes 
with canvas or other textured materials, as textured dents in the background progressively "fill up" with "paint" 

The canvas run command composites the run length number of pixels of a colour equal to the start colour" 
starting at the page address. The intensity of compositing is controlled by the difference between the i subse- 
quent texture bytes and the matte plane of the image i The matte plane is changed to be the difference between 
the matte value and the texture bytes. 

The operation is as follows for n,G to Run_length-1 
RGB (image) [address+n] 

- ( (Texture fn] .Matte (image) [address+n] ) *RGB (start) 



55 



17 



BNSDOCID: <EP 0465250A2_I_> 



EP 0 465 250 A2 



+ (256- (Texture (nj .Matte ( image) [address+n] ) ) 
*RGB (image) [address+n] ) /256 
Matte (image) [address+n] 
= Matte (image) [address+n] .Texture [n] 



where . represents a subtraction operation with underflow limiting. 

The canvas texture run command is used for compositing textured object based constant colour "brush 
strokes" onto a textured background, where it is desirable to simulate the cumulative interaction between paint 
and a textured background. To achieve this effect, the page matte should contain an image which corresponds 
to the texture of the background, and the subsequent texture bytes should contain a texture which relates to 
the texture of the paint medium. 

The CANVAS TEXTURE BLEND function composites a blend of colours with the image, with compositing 
controlled by the texture and the matte plane. This command simulates the interaction of textured brush strokes 
with canvas or other textured materials, as textured dents in the background progressively "fill up" with "paint". 

The canvas blend command composites the run length number of pixels of a colour smoothly changing 
from the start colour to the end colour with the image. The intensity of compositing is controlled by the difference 
between the subsequent texture bytes and the matte plane of the image. The transparency values of the start 
and. end colour are ignored. The matte plane is changed to be the difference between the matte value and th 
texture bytes. 



The operation is as follows for n=0 to 
Blend_length-1 

Interpolation [n] = n/ (Run_length-1) 

RGB [n ] - Interpolation [n ] *RGB (end) 
+ (1-Interpolation [n] ) *RGB (start) 

RGB (image) [address+n] 
= ( (Texture [n] . Matte (image) [address+n] ) *RGB [n] 
+ (256- (Texture [n] .Matte (image) [address+n]) ) 
*RGB (image) [address+n] ) /256 
Matte (image) [address+n] 
= Matte(image) [address+n] . Texture [n] 

where . represents a subtraction operation with underflow limiting. 

The canvas texture blend command is used for compositing textured object based constant colour "Brush 
strokes" onto a textured background, where it is desirable to simulate the cumulative interaction between paint 
and a textured background. To achieve this effect, the page matte should contain an image which corresponds 
to the texture of the background, and the subsequent texture bytes should contain a texture which relates to 
the texture of the paint medium. 

It will be apparent to those skilled in the art that the above described functions result in the matte plane 
being changed by either the colour information (transparency) of the image or the texture information of the 
image. Subsequent manipulations are based on the changed matte plane. 

The foregoing describes only one embodiment of the present invention, and modifications, obvious to those 
skilled in the art can be made thereto without the party from the scope of the present invention. 
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For example, many of the individual building blocks described include a latch or tatrh** ,,- „ 
buffer data out of that respective unit. Those latches are onl J •« * atch or ,atcnes wn,c h used to 
synchronisation throughout the various pipe.ine sSes throuoh th? V embodi ™* to enab.e 

capable of operating at much higher J^tt^SffiXZ ^Zl^^T *"* " 
become ■ns.gn.ftcant and the requirement for the latches will no longer be necess^ hardware .terns will 
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f XXX Compositing 



0000 
0001 
0010 
0011 



0100 
0101 
01 10 
01 1 1 



Synchroni sation 
Synchronisation 
Configuration 
Configuration 



Configuration 



Compos i t i ng 



Bit # 15 14 13 1 
Function 



Instruction 

COMPOSITE 

NOP 

WAIT 

LOAD ZOOM 

LOAD CONFIGURATION 



— ParampfPry 
Multiple 



LOAD REGISTER 

spare 

spare 

EXECUTE UCO0E 



Fields 
Multiple 

HW/SW/PL 

Zoom ratios 
Skip mode, write 
enables, mux 
enables 
Register # Register value 



TABLE ? 



Bi t ft 15 14 13 12 11 

Function 



10 9 8 1 6 5 4 3 2 1 0 
RE3 RF2 RF1 REO FX? fy? EX 1 F*Q 

TABLF 3 



2 1} 10 9 * ? 6 5 4 3 2 ' 0 
S i* SBK SFR SFH M2R M?r. ^ B HFR WFP, urn ur H 



TABLE 4 
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Function o i i | 
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TABLE 5 



Rea U 


NAME 


DESCRIPTION 


0 


ST_RED 


Start value of red component for run or -blend. Also used 






as red Brightness. 


I 


ST_GREEN 


Start value of green component for run or blend. Also 






used as green Brightness. 


2 


ST.BUJE 


Start value of blue component for run or blend. Also 






used as blue Brightness. 


3 


STJTRANS 


Start value of transparency component for run or. blend. 


4 


ND_RE0 


End value of red component for run or blend. Also used 






as red Contrast. 


5 


ND_GREEN 


End value of green component for run or blend. Also used 






as green Contrast. 


6 


ND_BLUE 


End value of blue component for run or blend. Also used 






as blue Contrast- 


7 


ND_TRANS 


End value of transparency component for run or blend. 


8 


P_START_H 


Horizontal Page Start address. 


9 


P_START_V 


Vertical Page Start address. 


10 


S_START_H 


Horizontal Screen Start address. 


11 


S_START_V 


Vertical Screen Start address. 


12 


UCO0E 


Microcode register. 


13 


ALT_RL 


Alternate run length register. 


14 


T_OFF 


texture offset register. 


TABLE 6 


Bit n 


31 30 


29 28 27 26 25 24 23 22 21 20 19 18 17 16 


Function 0 0 


0 1 HWR SWR PLR 
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TABLE 7 



ADDRESS 


MODE 


NAME 


SIZE 


DESCRIPTION 


00 


WRITE 


COMMAND 


32 


Command Input 


01 


WRITE 


CONTROL 


16 


general control 




RE AO 


STATUS 


16 


aeneral status 
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TABLE 11 
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1 


— 
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] 
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Mem . 


r AvLK 


] 






nivpl clock 1 SMHz 
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i 
i 
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BUFWI- 






- 


buffer write Image 




BUFWM- 




1 




buffer write matte 




8UFR- 








hiiffpr cp^rl 

ULi i i c i i tro.yj 


pan/ 


GFX ST- 








<;t~Ar1" of arAnhlcs run 


zoom 


VERT- 








crrapn VPrtl ral Plin 

J Vl CCD V C 1 i V. EA 1 




LD Z00M- 








1 Odd zoom ra t i os 












<r/-T-pfjn hvfp 1 anp writp enable* 




SC READ 








^rrppn rpaH 

CCD ■ 




SC WRITE 




1 




^crppn write 




SC_RDACk- 


l 






screen read data acknowledge 




SC_WDACJC- 


1 






screen write data acknowledge 


other 


TESTIN 


1 






test mode Input 




TESTOUT 




I 




test mode output 




ERR- 




1 




error indicator 




GFX RUN- 




1 




graphics engine running 












indicator 




RESTART- 


1 






restart command from VINEGAR 




TEST<2:0> 


3 






test inputs 




TEST3 




1 




test outout 
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■ A graphics engine to manipulate colour image data on a pixel-by-pixel basis said pnnin. ~ 

parallel data path for each one of three primary colours of said i^J^^L^Z *° P™" 9 3 
cascade connected interpolator and compositor and said date S 'hS, ™ ? f uprising a 
cascade connected transparency interpolator anc S ^ * 

polators receive colour variation commands, each of said compositors rec^ ""t 
said pixel in turn and said compositors transform said colour input datafn ^acc^anr^ h 
mined function the output of which is dependent upon both the input cotouJ dataTnd Z ' 
ation command, and wherein said transparency interpolator 1 S ^^^SSS^ 
and said matte combiner receives matte plane input data for each said oixel and Z J!k COmm f nds ' 
a colour blend value and an output matte value for each saW Si h^Snt «^mb,ner produces 

in accordance with said transparency variation col^ t 

.mage data simultaneously manipulated ascolour. transparency and matte 9 ' 

A graphics engine as claimed in claim 1 wherein said colour variation commands are selected fr om »ho 
group consisting of blends and colour correction. are selected fr °m the 

JnH a a P n hiCS H en ? ne k S C ' aimed C ' aim 1 ° r2 1 Wherein said "lourvariation commands include a start value 

^jssss^ said input data is interpo,a,ed - a — — 

A graphics engine as claimed in any one of claims 1 to 4 wherein th^ f ra ncn ai . a n, 

6. The graphics engine as claimed in any one of claims 1 to 5 wherein at least part of the imaoe reoresen^H 

7. A colour image data manipulation system including a graphics engine as claimed in any one of claims 1 

8. A ramp generator comprising: 

means for storing a number (N) as a plurality of bits of information- 
mined:mrm C uT U and r ** 96neratin9 * lMmun * ™imum and a predeter- 

.h. r.„ „ m e .aken ,c said o^, „ JL. b*ZS ££££2S£££* 

IZr* " daimed 8 " 9 SaW ™"*« "P-™" «- ™ iengin o,a graphics 

mode if said number is less or ZZ , £ 5 """""^ " 9 " X " *" 255 ° r sai " ^ 
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12. A ramp generator as claimed in any one of claims 8 to 1 1 wherein said accumulator comprises a first mod- 
ule for calculating 255/(N-1), a second module for calculating (51 1-N) and a third module for calculating 
(512-2N), there being a first multiplexer connected to a zero vaue and an output of said second module, 
a second multiplexer connected to a constant (510) and the output of said third module and a third mul- 
tiplexer having inputs connected to the output of said first module and the output of said second multiplexer, 
and adder having one input supplied by the output of said third multiplexer and outputting to a fourth mul- 
tiplexer having its other input connected to the output of said first multiplexer, and an accumulating flip 
flop connected to the output of said fourth multiplexer whose output supplied an output of said ramp 
generator and a second input to said adder. 

13. A ramp generator as claimed in claim 12, and comprising a counter connected to the output of said 
accumulating flip-flop and having its count value incremented thereby, and a fifth multiplexer having one 
input connected to the count value output of said counter and the other input connected to said output of 
said fourth multiplexer, the output of said fifth multiplexer being switchable between said count value to 
provide a step mode ramp output and said fourth multiplexer output to provide an alternate, jump mode 
output. 

14. A graphics engine as claimed in claim 3 or claim 5 including the ramp generator as claimed in any one of 
claims 8 to 13 and wherein said specific duration determines the ramp output of the ramp generator. 

15. A desktop publishing system comprising a computer (1 ), a colour output device (3,7) and a rendering pro- 
cessor (10) arranged to perform rendering operations (e.g. colour fills, mattes, or mixing two images) to 
generate image data supplied to said output device. 

16. A system according to claim 15 which includes a workscreen memory (30) coupled to an image display 
apparatus (3) and a page memory (4) coupled to an image printer (7), said rendering processor (1 0) being 
arranged to access said memories (30, 4). 

1 7. Apparatus for processing image data to provide a colour image output, which comprises means for operat- 
ing upon red, green, blue, and matte or transparency information, wherein separate means are provided 
for each of the colour information and the matte information is processed by one of said colour processing 
means. 

8. A graphics engine including a grading circuit arranged to interpolate across a run of pixels from a first value 
to a second value, said grading circuit including a digital counting circuit arranged to produce a ramp of 
successive values for use on successive pixels. 

9. Image processing apparatus comprising a rendering processor (10) for performing colour and matte oper- 
ations on image data and, coupled thereto, a scaling processor (9) arranged to accept image data and to 
produce output image data of a different resolution corresponding thereto so as to expand or shrink por- 
tions of the image. 
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